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INTRODUCTION. 


The present Summary, for the year 1898, is based essentially | will be published in the Annual Report of the Chief of the 


upon data received from about 140 regular Weather Bureau Weather Bureau when the data from all voluntary stations 
stations and 28 regular Canadian stations; in preparing the on 
charts of mean annual surface temperature and total Pre-|lat observers. The statistical tables and charts have been 
cipitation, however, many reports from voluntary stations prepared under the supervision of A. J. Henry, Chief of the 


were used. A revised chart of total annual precipitation | Division of Records and Meteorological Data. 


FORECAST DIVISION. 


E. B. Garriort, Chief of Forecast Division. 


SUMMARY OF HIGHS AND LOWS FROM 1895 TO 1898, Summary of highs and lows—Continued. 
INCLUSIVE. 
Highs. Lows. oo 
During a part of 1895 and all the three succeeding years — : 
the data regarding the highs and lows of each month have cae Mean first. Mean last. Mean first. Mean last. High. Low. 
. onth. — 
been compiled by one person and under precisely constant | 5 s|s c sls 
or similar conditions. It is not believed that records for | | 
four years can give any but approximate results, but it will 8/818 | 
be of some value to compile averages, and these will serve! ~~ 
1896. | ° ° ° ° | 
for a fuller study as the years go by. The average data for|January.... 48 11 43) 7 92.2) 43) 77 7) 
895 are added February.... 46 111 45| 69 20.6) 75 39) 42 
1 but they should be given less weight, and | March 51) 118) 46/ 46| 67/279) 41 41 
April........ 49/ 105 78 22) 44] 12] 47| 81 46 
should be used more to corroborate the averages for other 46 86) 10) 45) Bt 45 
years and not independently or as proving anything in and ft 
of themselves. In summarizing the data the following points. Si 
have been sought for: (1) The average latitude and long- October...:: 45 114) 45| 83 21.9) 46| 106| 48| 78 24.4 42. 43 
itude of the beginning and ending of each months’ highs and Decemver.. 248) Or 4 
lows. (2) The velocity of these in miles per hour. (3) The) coia....... 48 110) 42/ 76 2.9) 46/ 113| 45| 71/284) 40 43 
ninetieth meridian Mean... .. 48 111, 42| 7% 111) 46) 74/263) 42 46 
1897. | 
J @) 08) m1] 47| 2) «@ 
Summary of highs and lows. February.... 50, 43| 70 26.1| 42| 109| 46| 63 31.3) 40 
— | 48 133 81) 87 2.6) 113) 46/ 79/195) 35| 44 
Month. October ..... 44, 10, 75 247| 46| 108| 44| 75 267) 44° 49 
l = | | December... 48 114) 36| 78 42/ 113| 48) B24) 40 43 
Warm..... 47 115, 85 | 82 224) 48/ 75/225) 42) 46 
ei Mean 48 113 23.9) 46) 71 25.8) 43) 4 
| le | 
Febressy 108 $4 Febrasry 109 42| 74,23) 48] 117) 47| 66/272) 4, 4 
March....... 50; 112) 83 106) 68/ 31 38 | March...... 50; 116 45) 25.8) 40) 105) 48) 66 2.1) 41 44 
#39) 42!) 79/27 39 43 April........ 43) 123, 85) 74 2.2) 45) 115) 45) 66 25.8 39 39 
May......... 49) 103) 34) 83 108) 81/22 40 41 | May......... 49' 114) 37) 8 22.0; 112) 76/194) 45 42 
June ........ 119) 44/ 110) 45/| 81/19 42 48 June. . 46, 109, 73/238) 46) 110) 45) 64 24.3) 45 45 
daly......... 46, 108) 87 18 | 48) 109) 74/22 | 40| July......... 44, 38) 74 281) 40) 14) 67 273) 45 
August ...... 106, 39 8 2 | 45 105) 43| | 4o| 47|August..... 45 109 42) 69 21.4) 46/ 109| 45) 71 212) 44 44 
September 4 116 42) 7 112 47! 74/24 42 47|September.. 46 118 40) 74 24.3) 48| 105 47| 71 22.6) 4 4 
October ..... 47 «i111 40 7 @ 4 «107 47 65 | 28 39 48 | October..... 4% #6119 43 69 23.8 42) 104 48 67 «(24.5 89 43 
November.... 46 111! 40 67) 21 39 101' 72/84 36 42| November... 44 12 40) 72 2.5, 46/ 111) 46) 69 27.8) 37 43 
10 87 80 43 109; 72/31 8648 mber... 46 105 74 24.5| 46| 114) 46) 63 84) 45 
Mean...... 14, 40) 72 24.7) 45) 46) 67 26.1 2 4 
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The sien accompanying table exhibits a compilation of the data Heights of rivers above zeros of gauges, 1898—Continued. 
on these principles. At the end of each year the average for | —— ————__ 
the six cold and six warm months has been computed, and > 
there is added here a summary of the four years. «| & 
= 
Highs Lows. Stage. Date. Stage. Date 
Mean Mean | M Mean | | j 
_ first seen. last seen. first seen last seen. White River. Feet. | Feet. Feet. Feet. 
Year. | Ne wt, Ask | 881) May8..... 2.1 Jan-10......... 10.7 30.0 
2 | 2 = | Des Moines, lowa 8.6 June 11..... 2.2 Dec. 22,23,25-28. 3.1 6.4 
| | H i 3 3 3 Pestle, 19.3 Mar.31..... 8.5) July 24 8.6 15.8 
ssouri River 
| Bak 12.6 | June 6...... 2.0 | | Oct.2-8.......... 51) 10.6 
Pierre, 8. Dak .........--- 11-2 June 28..... 0.8 | Mar.%4......... 32 10.4 
1805 .... 47 | 110 | 39 45 107 26 Sioux City, lowa.......... 14.7 2 5.0 Oct. 16,18...... 7.8 9.7 
1806....... 4) 4 46 Omaha, Nebr............. 14.7 | July 3...... 5.3 | Mar.6,7... .... 71 
3s 4) 110 46| 8t. Joseph, Mo........... | July Deo. 3.6) 13.8 
1808 ...... 6 114 40 72 3 45 111 46 67 26 | Kansas City, Mo.......... 21.5 | June 12..... 4.0 | Dec. 12....... «. 9.3 17.5 
| Boonville, Mo 19.3 June 15..... 1.7 Dee.14.. 8.6 17.6 
Mean . me 7% Hermann, Mo, | 2.1) Dee.13.......... 94) 16.7 
Ohio River. 
Pittsburg, 28.5) Mar.@.....) Dee.12,16.17..../ 7.1) 26.8 
Mean velocity by cold and warm months is as follows: Davis Island Dam, Pa....| 27-1 | Mar. %..... 2.0 July Sept.21 
Wheeling, W. Va.......-- | 43.9) Mar.24..... 1.5 | Sept. 28,29...... 9.2) 42.4 
Mean velocity. Parkersburg, W. Va...... | 47-8 | Mar.26..... 2.3 | Oct.7 10.9| 45.6 
Point Pleasant, W. Va..... 51-2 Mar.7...... 1.7 | Sept.22-24..... 12.5) 49.5 
Catlettsburg. Ky ......... (56.0 Mar. 27,28 1.0 | Oot. 8.......00.. 15.8 55.0 
Year. Highs. Lows. Portsmouth, Ohio .......-. | 87.3) Mar.28..... 2.9 | Sept. 24,0ct.3,4 17.1 54.4 
Cincinnati, Ohio. 61.4 Mar.20..... 4.5 Oct. 19.7 56.9 
Louisville, Ky . | 36.0) Mar.30.....) 3.5) Oct.8. ........) 94) 325 
Cold. Warm. Cold. Warm. | Evansville, 4.8 | Apr.2,3 .. 4.1) 8 40.7 
Paducah, Ky...... 47.3 | Apr.6....... 8.5 43.8 
All River | pr 28.97 
Warren, Pa .........-. 8.2 | | 0.0 . 2.3 8.2 
5 gq | Ol City, Pa..... | 10.2 )Mar.%4 ..... 0.4 Oct. 2.9) 98 
conde tics tee 29 2 | Parkers Landing, Pa 4 Mar.24.. 0.3 | July 23,24 ...... 32) 
Mean........ 26 | 3 29 Johnstown. | 9.0 | Oct. 2...... 0.8 2.8. 8.2 
Bank Creek. | | 
| 10.5 | Mar.28.... 0.1 | June 8-12....... | 1.0) 10.4 
The average velocity of the highs and lows through the eee mer diner, | | | 
four years was remarkably uniform, 24 and 26 miles an hour, Ellwood Junction, Pa... 18.8 | Mar-38 ..... | July 1.0) 
respectively. We also see, as is well known, that the velocity | Burnside, Ky ............. 82.6 Jan.%...... —O0.1 July 4,15...... 5.3 | 82.7 
Carthage, Tenn..... B41 | Jan. 0.8 | July 16-19 ...... 6.4 33.8 
during the cold months is greater than during the warm | Nashville, 38.8 | Jan. 23 ..... 1.5 | 878 
Great Kanaw. 
season. On comparing the velocity of the highs with that of | f"itiionw Va... $1.0| Aug.11.....| 8.0| Feb.46........ 7.0) 98.0 
the lows during the cold and warm months, we see a uniform ninton ina 
greater velocity of lows than of highs in the cold season, but Licking River. nt: ; 
during the warm season the velocity is practically the same. | 37-5 | Jam. Oct. 266 
This an important point in the study of these condi- | Weston, W.Va...... -.... 13.1 | Mar.29. —1.5 Mar. 1.0) 14.6 
tions.—H. A Hazen, Professor. Fairmont, W.Va... ....-| 18.4 | Mar.25.. —0.3 ‘8 2.9) 18.7 
Greensboro, Pa.........-.| 21.2 | Mar.25..... 8.9) 14.9 
Lock No. 4, Pa... 23.9 | Mar.30..... 6 | Sept.24,25......| 18.8 
RIVER Rowlesbure, W.Va. 9.4) Aug.11....| 0.5 | July 13-16...... 3.3) 89 
P Confluence. 8.1 Mar.25.. 0.5 | Oct 3,4..... cose BT 7.6 
Heights of rivers above zeros of gauges, 1898. Newton, 10.9 | Mar.2%4. —0.2 | Nov.5 2.2) 11.1 
uskingum River. 
Zanesville, Ohio 85.9 | Mar.24...... 6.0) July 7-10.... 10.0, 2.9 
. & Tennessee River. 
Highest water. Lowest water & - Kingston, Tenn........... 13.0 | Sept.4.. 0.2 June 14-16...... 2.9) 12.8 
| Chattanooga, Tenn...... 24.6 | Sept.5..... June I5......... 15.8 | 23.0 
Stations. & | 3 Bridgeport, Ala...........| 182) Sept.6..... 0.6 June 12, 15, 4.2! 17.6 
Florence, 13.8 | Jan. 28,29. . 0.5 | June 14. 4.1) 13.3 
Stage. Date. Stage. Date | Johnsonville, Tenn. 29-1 Jan. 24... 1.0 | Oct.3-5.. ......| 
tline ver. 

Mississippi River. Fut. Peet. Feet. Feet. anton, -0 | Aug.12.... | Ot. 
St. Paul, Minn . 10.7 | June$,9..... 2.7 8.0| Mount Carmel, 27.0 | Mar.30,31..| 1.8 | Sept.4,5........| 7-6) %.7 
Reads Lanting, ‘Minn . 9.0 | June 11... —0.9 6.5 9.9| arthur City. Tex ......... .1| May®8...... 7 18.1 
La Crosse, Wis......... 9.9 | June 15... 1.8 3.6) 8.6 Palton, ‘ Mey 25.4 
North McGregor, Towa... 10.0 | June 19, 20 0.1 3.5 9.9 | Shreveport, La............ 14.9 | May 21.....| —0.1| Nov.9.......... 6.4 15.0 
Dubuque. lowa.. 9.4 | June 21 3 0.5 8.6, 8.9) Alexandria, La ........... 16.9 | Feb.1..... —1.0 | Nov,9...... 17.9 
Leclaire, lowa......... «+ 6.0) June 24-27 0.4 2.4 5.6 Atchafalaya River. |S Apr. 99.30 
Davenport, Iowa......... | we 08 6.6 | Melville, 9.5 | Sept.18........., 228 4.4 
44 | June 2%7..... 0.4 1.9| Camden, Ark ...... 83.7 | Jan. 2%5.....| Sept.12-14.....| 6.7 | 30.5 
Keokuk, lowa . ++ (9.8) Feb.13..... —2.0 8.0 | 11-8] Monroe, La..... 95.9 Feb. 12,13.. 0.8 | Sept. 18-15 ....., 14.4) 35.1 
Hannibal, Mo.. 11.7| May 21..... —0.6' Dee. 40) 12.8 Yazoo River. 

Grafton, [il ... 18.1) May 23. 1.9 Dee. 16.2] Yazoo, Miss....... 24.4 | Apr. 26-28..) —1.0| Nov.9,10......., 9.9 | %5.4 
St. Louis, Mo..... 27.2| May 2...../ 0.3 - 11.4!) 26.9 "Flint River. 
Chester. 22.2) May@t..... —0.5 - 8.5) 22.7) albany, Ga ............... 17.2 | Sept.2...... 0.5 | June7-10......., 44 16.7 
emphis, Tenn ........... . . . 7 . 
rkansas City, Ark....... | Apr. . 1. . 7.9 | 
New Orleans, La.......... : Willamette River. 

Arkansas River 66) 148) swany, Oreg 16.4| Now. 20.....) 0.7 15-7 
Wichita, Kans ........ és 5.6 | June 10..... 0.6 Jan.5-11.... 1.9 5.0 20.0 
Little Rock, Mayil 29 | 5.9 | Sept.12,18..| 0.4 


| 
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Heights of rivers above zeros of gauges, 1898—Continued. | Heights of rivers above zeros of gauges, 1898—Continued. 

Highest water. Lowest water. | Highest water. Lowest water. | | 
i] | | 5 
Stage. Date. Stage. Date $id ‘Stage. Date. | Stage. Date. gig 
James River. eet. Feet. | Feet. Feet. Roanoke River. | Feet. | Feet. | Feet. Feet 
Richmond, Va........++-- | 11.7 | Oct. 24... 0.2 | Sacramento River. Sept. 19-22...... 
Sept. 14-18,23..§ 1.0) 11.9 §Aug. 26-31...... 
Alabama River. 50) agg ROd Bluff, Cal... 12.0 Feb, 1.6) 12.8 
Montgomery, Ala.....-.-- "a | is. Sacramento, Cal......... 16.7) ‘Sept. 
Selma, 8.5 Oct. 11.... | | June 12,14,15...) 6.6 | 29.8 | bane iver | 7 Mar. po 10.0/ 9.6 
Coosa River. | St. Stephens, S.C.........| | Sept.3-7....| —2. une 15, 16...... 3.8| 10.7 
Rome, Ga | 24.3 Sept. 4....)- 20 July 2-5........) 3.7 Congaree River. 
Gadsden, Ala .......+++++ 22.0 | Oct. 8..... —0.3 | July 5-8 ........ 4.8 22.3 | Columbia, 8. C........... 15-8 | Aug. 28.... | —0.9 | May 25,26...... 2.1 16.7 
Tombighee River. Wateree River. 
Columbus, Miss........... | 21.5 | Jan. 25..... —3.7 | Sept. 19,20 ..... | 0.9 | Tuly 5 6.6) 24.3 
Black Warrior River. Susquehanna River. | 
Tuscaloosa, Ala..... 5 6.4| 44.5) Wilkesbarre, Pa.......... | 17.9) Jan. 16..... | —0.4 July 18-80 ...... 4.2) 18.3 
Pedee River. | Harrisburg, Pa........... 15.2 | Mar.24,25../ 0.7 | July 18,19..... 14.5 
Cheraw, 8. 2.5 Aug. 22.... 0.4 July 5 | 3.7) 29.1 Juniata River 
Black River. Huntingdon, Pa .......... 10.2) Mar. 23..... 2.7 | Oct. 17,18......., 7.8 
Kingstree, 10.7 Nov. 30.... 0.2 June 18..... .. 4.8 W. Br. of Susquehanna. 
Lumber River. | | Williamsport, Pa......... 21.0 Mar. 2%4..... 0.4 | Sept. 19, 21,23-25 3.8 20.6 
Fairbluff, N.C............ 5-2  Sept.3-7..... —0.9 June 13-18..... | 6.1) Waccamaw kiver. 
Lynch Creek. 5.6 Dec. 13.14... 0.1 June 16......... 2.5 | 5.5 
Effingham, | 18.8) Nov. 26. .... 1.7 | June 16,17..... | 5.6) 12.1 
Harpers Ferry, W.Va..-.. 15.5 | Aug. 12..... 0.4 July 19-21......, 3.0) 15.1 «July 24-27, Sept. 25-30, Oct. 1-21. 


GENERAL CLIMATIC CONDITIONS. 
By A.rrep J. Henry, Chief of Division of Records and Meteorological Data. 


ATMOSPHERIC PRESSURE. Plateau high to the northwestward over eastern Oregon and 
northeastern Washington already noticed, is generally coinci- 
The mean pressure for 1898 is shown numerically in Tables gon¢ with a shifting to the northward of the atmospheric dis- 
and II. The method of reduction to sea level and the omis- turhances which ordinarily strike the coast of Washington 
sion of the gravity correction, as explained by Professor H. and Oregon and move eastward between latitude 45° and 50°. 
A. Hazen, in the Monruiy Weatuer Review for 1894, Vol. |p, deepening of the trough of low pressure that parallels 
XXII, page 538, have continued in use during the year and the eastern foothills of the Rocky Mountains would seem to 
the figures given in Tables I and II ert the mean pressures indicate a movement of low area storms southeastward from 
obtained by the use of Professor Hazen’s method of reduction. the Northwest Territories. The fact that precipitation was 
In conformity with the practice of former years the observed | shove normal generally throughout the greater part of the 
mean pressures have also been reduced to standard gravity | .astern foothills and plains, seems to lend confirmation to 
and to sea level by the tables and methods of the Interna- tho belief that the cause of drought on the Pacific coast must 
tional Meteorological Committee, as explained in the MONTHLY },, Jooked for in the changes or modifications of the general 
Weatuer Review for 1895, Vol. XXIII, pages 492-494. The | ai movements over the Rocky Mountain and Plateau regions. 
results obtained by the last method are shown in Table III guap, changed or modified motion must necessarily produce 
and “ Chart I. The data in the last column of Table II variations in rainfall distribution, temperature, and other 
are the pressures at 10,000 feet above sea level, obtained by weather conditions, but the problem is as yet obscure. 
assuming a uniform decrement of temperature at the rate of 


2° F. per 1,000 feet (0.37° C. per 100 meters) as in former —— ———— 
es Summaries; the resulting isobars are shown on TEMPERATURE. 
art Ll. 


The distribution of mean pressure at sea level, as shown The year opened with high temperature for the season east 
by Chart I, does not differ appreciably from that of former of the Rocky Mountains and cold weather in the Plateau 
years. The Plateau High is perhaps a little farther to the region and on the middle and south Pacific coasts. The mild 
northwestward and nearer the coast than during previous temperatures east of the Rocky Mountains continued through- 
years, and the Arizona Low is a little deeper than usual, and out February and March, the winter being unusually mild, 
extends farther to the northwestward into California. The especially in North Dakota, the Lake region, and the Mis- 
trough of low pressure extending from the lower Rio Grande souri and upper Mississippi valleys. 

Valley into the British Possessions is rather well marked. Interlake navigation opened much earlier than usual. The 
East of the Mississippi River the distribution agrees closely Straits of Mackinac were free from ice on March 28, the 
with that of former years. earliest date but one during the sixty-three years that records 

_ The high-level pressures on Chart II do not differ appre- have been kept. While navigation opened much earlier than 
ciably from those of former years. The high-level gradients, usual its close was marked by one of the greatest ice blockades 
it will be seen, are much steeper than those at sea level, at the west end of Lake Erie in the history of lake naviga-. 
particularly east of the Rocky Mountains. West of the tion. The cold weather during the early part of December 
mountains, however, and particularly on the Pacific coast, the froze the water in sheltered bays to a depth of 6 to 8 inches. 
high-level gradients appear to have been weaker than usual. Great fields of ice formed in the highway of vessels between 
We are disposed to associate the pressure distribution on the the mouth of the Detroit River and points to the eastward, 
Pacific coast with the remarkable drought that has existed in in which a fleet of nearly one hundred vessels was soon im- 
that locality for more than a year past. The extension of the prisoned, The vessels were held in the ice jam about ten 
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Taste A.—Average monthly and annual departures of temperature from the normal during 1898. 

ali 

10 0.2 | +86 ee .2 +85 | 4238) +420 0.0 444 
Middle Atlantic..... 12 81) 0.0 7.4, —1.5 | fit | a4; +81) -O5 15 
South Atlantic...... .... 10 420 8741.9) 5 0.1) 44.1. +448) 133 
Florida Peninsula ......... 7 160; 20, —1.0 4; | +20) —0.1 

7 45. —2.6 $9; +1.8| 1s —0.3 | 13) -20 —88 
7 6.0 18; 418 | 40.7 1.3; 481) -04 -60 40.8 
? | at | 7.5| —0.2) | 0.8 | tts +06 +15 
| | | | 
Southern Slope 4.2 +17) 402) -12 1.0 2; 406; 0.0 
| | 

Middle Plateau 9 —8.0 0| $8; 9 27 —81 —1.0 
Northern 6) 22 12 40.8) 48.7 ti | —0.2 
9 +09 2) —21 (40.4 17, —1.9 +0.6 
cee cesses 5) —2.8) —2.4) 130 1.1 —0.3 —0.4 —0.9 | +1.5 —1.2 —1.4 —0.6 
| 42.4) —1.6 | +8.0 | —2.2 | +1.3 | 40.7 41.5) 40.9) 40.6 | 0.0' +02 


days, being released by car ferries and powerful tugs, at an 
expense of from $15,000 to $18,000. 

here were several periods of very warm weather during 
July and August, the temperatures registered at a few sta- 
tions east of the Appalachians being higher than ever before 
known. During the latter part of July and at intervals 
during August, periods of high temperature conjoined with 
high relative humidity, prevailed in the central and eastern 
portions of the country and much bodily discomfort was 
experienced. 

emperature continued above normal generally until Octo- 
ber, when a reversal of the prevailing conditions took place, 
such reversal being first observed in the Rocky Mountain and 
Plateau regions, where the temperature averaged from 1° to 
4° below normal. The temperature was also below normal 
in October quite generally throughout the northwest and 
also in the Gulf States, but remained above normal in the 
Lake region, the Ohio valley, and Tennessee. 

The reversal noted as beginning in October was almost 


| 


aging from 1° to 8° below normal. Table A shows in con- 
densed form the march of temperature during the year. 

The average annual surface temperature is shown on Chart 
III by red lines, while the annual extremes are indicated 
by full and broken lines, respectively. The numerical values 
appear in Tables I and II. 


PRECIPITATION. 


The precipitation of the year just ended was below normal 
over by far the greater part of the United States. Foxtu- 
nately, however, there was an abundance of rain generally 
throughout the middle portion of the central valleys and the 
Middle and New England States. Precipitation was below 
normal west of the Rocky Mountains, in the upper Mississippi 


and upper Missouri valleys, and from New Mexico eastward 
to the Atlantic. The normal precipitation over much the 


completely established during November, when the only dis-| greater part of the last-named area, however, is more than 


tricts showing plus departures were the Florida peninsula 
and the upper Lake region. In December temperature was 
below normal in practically all districts, the departures aver- 


Tas_e B.— Monthly and annual departures of precipitation from the normal during 1898. 


sufficient for the needs of agricultural irterests, the conditions 
as regards those interests were, therefore, not so unfavorable 
as they might otherwise have been. 


| 
| 
| 
| 


3 2 < PA | & | 

| als | | | 
Now 40.6) 41.5) —13 1.5 4 8) 492) 5.7 
South Atlantic... ......... -87| -@5| 41.7 20 18, +40) —09) 
Ohio Valley and Tennessee ........... 12 29 20; =—14| 40.4 +40] —as 

Middle Slope 6 6408) 404) -01 —02 405) +28 
Southern Slope ‘ee| 00 2) 414) 408) +402 | -02 410) +07 
Northern Plateau ....... ... ....... | Yee! 00; 402) —4s 
5) 6) 408) -01 0.0 1) -15  -87  —14.0 


| 
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The drought which began in California in the fall of 1897 the table below. The dryness on the Pacific coast and the 
continued until May, 1898. In the latter month which prac- southwest is the most striking feature of the year. : 
tically closes the rainy season on the Pacific coast, heavy In using the table by means of which the amount of mois- 
rains fell in California and the Plateau region. The rainy ture in the air is computed from the readings of the wet and 
season of 1898-99 in Califorr.a began auspiciously, the Sep- dry bulb thermometers, the pressure argument has almost 
tember rains being above the average. The fall during October, always been neglected, an omission that has little significance 
November, and December was, however, below the average and except for low temperatures and at high stations, such as Santa 
at the close of the year grave apprehensions were entertained Fe, FE] Paso, Cheyenne, and a few others. The failure to apply 
of a second season of diminished rains. a correction for the influence of pressure on the evaporation 

In the Gulf and South Atlantic States the fall was below and therefore on the temperature of the wet-bulb thermom- 
the average, although the deficiency was not so great asin eter has had the effect of making the monthly means of 
former years. The precipitation of this region has been below relative humidity at high-level stations too small by quanti- 
normal with unimportant exceptions since 1890. It would ties ranging from 5 to 10 per cent. In the application of 
be exceedingly interesting to discover the cause of the con- the monthly averages of the above table, or those of indi- 
tinued diminution. vidual stations in Table I, to special inquiries, whether in the 

The geographic distribution of precipitation is shown on departments of biology, climatology, or sanitary science, this 
Chart IV, and the numerical values for regular Weather Bu- fact should be kept in mind. It should also be remembered 
reau and Canadian stations only, appear in Tables I and II. that the hours at which observations in the Rocky Mountain 
It is not practicable to publish the records of voluntary sta- Plateau region are made, viz, at 5 or 6 local mean time, 
tions in this summary. ‘morning and afternoon, give approximately the maximum 

‘and minimum values of the relative humidity for the day; 
a probably the means of such hours approach more nearly the 
HUMIDITY. true mean of the month than is the case on the Atlantic sea- 

: board and in the seventy-fifth meridian time belt. 

The humidity observations of the Weather Bureau are 
divided into two series; the first or tridaily series began in —— 

1871 and ended with 1887; the second or twice-daily series is. SUNSHINE AND CLOUDINESS. 
continuous from 1888 to the present time. ‘ F : 

The monthly means of the second or present series are The average cloudiness of the whole sky is determined by 
based upon observations of the whirled psychrometer at 8a.m. numerous personal observations at all stations during the 
and 8 p. m., seventy-fifth meridian time, which corresponds daytime, and is given in the column “average cloudiness” in 
to 5a. m. and 5 p. m., Pacific; 6 a.m.and 6 p.m., Mountain; pyjje J. 


and 7 a. m. and 7 p. m., Central standard time. , ee oe . 
Mean values computed from the first series are naturally The formation of fog and cloud is primarily due to differ- 


not directly comparable with those of the second. In gen- ences of temperature in a relatively thin layer of air next to 
eral the means of the first series are lower than those of the the earth’s surface. The relative position of land and water 
second, since they include an observation in the afternoon surfaces often greatly increases the tendency to form areas of 
when the relative humidity of the air is near the minimum cloud and fog. This principle is perhaps better exemplified 
of the day. At stations in the western plateau region, how- in the Lake region than elsewhere, although it is of quite 
ever, the converse holds good, the means of the second series general application. The percentage of sunshine on the lee 
being lower than those of the first by amounts ranging from shores of the Lakes is always much less than on the wind- 
0 to 10 per cent on the average of the year. ward shores. Next to the permanent influences that tend to 


In the present state of knowledge respecting the diurnal 
variation in the moisture of the air, we are scarcely warranted 
in combining the two series in a general mean. 

The monthly and annual departures of average relative 


form fog and cloud may be classed the frequency of the 
passage of cyclonic areas. 

The monthly and annual departures of average cloudiness 
from the normal during 1898 are exhibited in the table below. 


humidity from the normal are shown in condensed form in| The data present no features calling for special comment. 


Tas_e C.—Monthly and annual departures of relative humidity from the normal, 1898. 


Wow Ragland +8 +3 +5 +? +1) +9 +8 +$ +3 +3] +38 
—2| —9 —1 2 —1 2 —2 —08 
| | | | | 
Ohio Valley and Tennessee...... t§ +7] —1 — 3) t§ + 9) 
Upper Mississippi Valley | 0 +2 +1| 5 | —1 +6! +8) --1 +2, +23 
Horthern Slope +3! +3 +3] =} +8! ° +3 +43 
| | 

+3 +6 ti) +11 | +2 = —6 +5) 4+ 2.7 
Northern 3 —8 0 —2) 0 +1 +1) +7} +0.2 
North Pacific Coast —4 —5 —7 —§ —6 = — 4.8 
Middle Pacific —9 +1} —10 —1 —3 —8 —18 —¢1 
0 w-i} +1) —1 —11 —18 — 5. 
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Taste D.— Monthly and annual departures of average cloudiness from the normal, 1898. 


= | < = < 8 

cess —0.2 +0.5 —0.2 +1.1 tii +0.8 | +0.8 —0.5 | +33 40.1 +0.4 
406; 409 +408 10; 401) —1.0 .5 | 6) +01 +0.2 
Florida —1.4 —1.1 —0.5 —0.9 -0.6 —1.2, 40.5 0.4 +0.4 —0.8 
Ohio Valley and Tennessee +0.4 —0.1 +0.5 0.0 —0.4 —0.9 +0.4 0.0 —0.1 ti +0.1 | —0.6 0.0 
sees 40.5) 412 -05 402 +10) +33 1.0 +04) 404 
+0.9 —0.2 —0.6 —0.3 -0.9 —0.4; +13) 0.0 
cece sess —0.7 | —0.4 —0.3 —1.2 —0.9 0.0 —0.6 —0.6 —0.2 | —0.5 | —1.1 —0.4 
Upper Mississippi Valley +0.2 +0.4 +0.1 —0.4 0.4 —0.1 —0.6, +0.1 —0.4 —1.3 | 
6000 —0.1 —0.7 —0.3 +0.1 —0.4 | —0.8 —0.1 1.9 —0.2 —0.6 —0.1 
—~0.3 +0.1 +33 —0.3 1.1 —0.4 —0.3 | 133 0.0 —O.1) +401 
+11 —0.7 .7 +0.3 +0.6 +0.3 —1.1 0.0 +34 | 40.1 
Southern Plateatd +0.9 —0.7 —0.1 +0.2 +0.3 +0.2 —0.1 —0.9 —0.6— —0.4 +0.2 0.0 
© +0.1 +1.1 +0.3 —0.9 2.2 +0.2 +0.1 +1.1 +0.1 +1.0 +1.2 —0.7 +0.5 
Northern Plateau. ... —0.5 +0.2 —0.9 —1.4 —0.4 —0.6 +0.6 | —0.3 —1.1| -0.2 +1.2 —0.8 —0.4 
North Pacific Coast... .. +0.4 +1.0 —0.8 —0.7 —0.6 —0.7 —1.0 +0.9 tis +0.8 | —0.6 —0.1 
Middle Pacific Coast... —0.3 —1.2 —0.5 +1.2 +0.4 —0.1 +1.0 1.0. +0.5 | —0.7 +0.3 
South Pacific Coast +0.5 —0.1 —1.3 —0.8 —0.2 —0.7 | 0.0 —0.5 —0.9 —0.6 5 
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STORMS OF THE YEAR. servers report than in others. There should, however, be some 
va . .. sort of agreement between the figures of Tables V and VI. 

In the of the year their As a means of testing the agreement or disagreement be- 

natural differences it is convenient to recognize t ree MAIN tween the data of Tables V and VI, two sets of figures have 

classes. The first class may properly include all disturbances, been entered on Chart V, viz, the red figures which indicate 


such as a thunderstorm or tornado, whose sphere of action is 
restricted to a single locality or neighborhood, or to a narrow 
path 25 to 30 miles long, and we may designate disturbances 
of this class as violent local storms. For the second class we 
may properly choose storms which extend over greater areas 
than those of the first class. To this class belong tropical or 
West Indian hurricanes. Finally, for the third class, we have 
the general storms of the middle latitudes whose distinguish- 
ing characteristics are very great horizontal extension and 


the total thunderstorm days as given by Table VI, and the 
black figures which stand for the total thunderstorm days re- 
corded at individual stations in the several States and Terri- 
tories as shown by Table V. 

It is obvious from an inspection of Chart V, that so far as- 
determining the the relative frequency of thunderstorms is 
concerned, the figures of either Table V or VI may be used. 
But if we desire to ascertain the absolute number of storms 
in any single neighborhood, the use of the figures giving the 


comparatively light winds around the outer margins, becoming total number of thunderstorms per year per state would lead 
violent as the center of the disturbance is approached. to erroneous conclusions because the local variations peculiar 
Storms of the last-named class reach their greatest develop- to some of the larger states are obscured; and also because 
ment in winter and the transition periods of spring and the method of obtaining the totals for the states necessarily 
autumn. ‘gives the same weight to a single isolated storm that would 
The general history of all storms that were reported to the be given to a group of storms covering a comparatively large 
Bureau during the year has been given in the successive area. For these and other reasons we are inclined to give the 
Montraty Weatuer Reviews. It is not the purpose of this greater weight to the totals for individual stations. 
summary to repeat the details already published, but to bring The results for 1898 show a decided maximum of thunder- 
together for future reference and as a matter of climatic his- storms in the lower Mississippi Valley and Missouri, with 
tory, the main facts concerning noteworthy storms of the year. | secondary maxima in Georgia, South Carolina, Florida, the 
Violent local storms.—The frequency of thunderstorm days Valley of Virginia, and portions of New Mexico and Arizona. 
in the different months and in the several States and Terri- In the last-named regions the storms are almost wholly con- 
tories is shown approximately by the figures of Tables V and fined to the months of July and August. The number of 
VI. Ths first-named table has been prepared from reports thunderstorms as a rule is least west of the Rocky Mountains 
of regular and voluntary observers in the several States and and in northern New England. A secondary minimum occurs 
Territories. The figures set opposite the stations and shown on the middle Atlantic coast north of Hatteras. South of the 
graphically on Chart V, represent the number of thunder- last-named point the number of storms cn the coast and the 
storm days in each month in the immediate neighborhood of regions adjacent thereto increases quite sharply. 


the stations named. | Following is a brief account of the principal tornadoes of 
| the year: 


The figures of Table VI were obtained from the monthly 
registers of voluntary observers in each State and Territory. The Fort Smith, Ark., tornado—Occurred at 12:42 a. m. 
In order to ascertain the relative frequency of thunderstorms | (local time), January 12. Persons killed, 52; injured, 73; 
with a high degree of accuracy, it would be necessary toincrease property loss estimated at $450,000. This was not an unusu- 
the number of reporting stations and to rearrange those now allysevere tornado. The large lossof life is accounted for by 
in operation. The figures of Table VI do not accurately rep- the fact that it came at the dead of night when there was no 
resent the frequency of thunderstorms in all cases. This is opportunity to seek places of safety. 
due to several facts, among which we may mention (1), the The Iowa and Nebraska tornadoes of April 30.—Six persons 
failure of the great majority of voluntary observers to report killed and as many more injured. Several independent tor- 
thunderstorms; (2), many do not report consistently during | nadoes appear to have formed in northeastern Nebraska, and 
the year, that is to say, they report in some months and not | moved in parallel paths northeastward into Iowa where they 
in others, and (3), in some States a greater proportion of ob-! disappeared about 6:30 p. m., central time. 
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The tornadoes of May 17-20.—This was a period of unusual | on August 2-3 and 30-31, the regions affected being western 
tornadic development. On the 17th tornadoes occurred in Florida and the country about Savannah, respectively. Ex- 
Oklahoma, Kansas, Nebraska, Iowa, and Missouri, at various cept in case of the hurricane first named these ‘storms did not 
hours. Thirteen persons were injured with a property loss advance far inland but persisted for several days, giving 
estimated at $88,000. On the 18th tornadoes of unusual torrential rains meanwhile in the neighborhood of the coast. 
severity occurred in Iowa, Illinois, and Wisconsin. Forty- General storms.—Among the storms of this class were some 
seven persons were killed and upward of 100 injured, while that, owing to the strength of the wind and the attendant 


the property loss at a low estimate was $700,000. _ weather conditions, caused great havoc on the New England 
On the 19th tornadoes occurred in Indian Territory. Only and Middle Atlantic coasts and the Lake region. The parti- 
one person killed; property loss small. cularly severe storms were as follows: 


On the 20th tornadoes occurred at widely separated points) January 31-February 1.—In eastern New York and New 
in Texas, Arkansas, Missouri, Illinois, and Kansas. Three England. Formed by the junction of two depressions on the 
persons killed and 25 injured. Property loss about $43,000. southern New England coast on the night of the 31st of 

The tornadoes of northwestern Missouri on July 29.—Twenty January. High winds and heavy snow caused great destruc- 
persons injured, two of whom died of their injuries. Prop- tion of shipping and damage to railroad, telegraph, and tele- 
erty loss estimated at $150,000. phone lines. 

The Niagara Peninsula tornado of September 26.—Five per-| November 21—22.—On the upper Lakes. This storm followed 
sons killed and 18 or 20 injured; property loss estimated at a rather unusual path, viz, from northwestern Illinois to west- 
$370,000. erp Lake Superior where it abated and gradually passed away. 

A complete list of all tornadoes reported during 1898 will, Severe storms also occurred in the Lake region on October 
appear in the Annual Report of the Chief of Weather Bu- 26-27. ; 
reau, 1898-99. _ November 26-27.—In New England. This storm, like the 

The total casualties by wind and tornado were: killed, 158; one of January 31-February 1, was formed by the junction 
injured, 364. The property loss was in the neighborhood of of two depressions off the New Jersey coast, whence the storm 
$2,358,000. moved to the southern coast of New England with greatly in- 

Tropical hurricanes—The most severe hurricane of the creased severity. The havoc created by this storm stands 
year struck the Florida coast about midway between Jackson- without a parallel in recent years. 
ville and Savannah on the forenoon of October 2. Thedam- For a history of all storms, cold waves, etc., the reader is 
age in the States of Florida and Georgia, due to this storm, referred to the Monrnty WearHer Reviews, January to De- 
was very great. Other hurricanes of less violence occurred cember, 1898. ; 
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aBLe IIL.— 
— = Reduction data for 1898—Continued 608 
3 $ $3 Se = °s ? ay 
St. Johns, N. F....... | le alae o 0% | 10 | 1 a 
alifax, N. 8............. 118 | 29.95 43.3 White Ri me—Con.| Feet. | | ii 
armouth, N.S.....-.--- . 44.2 44. "9 | 20.59 | Saugeen, Ont............. | 892/42 40) -8 86.2, 30.02 87.5. 
Charlottetown Pp E.I 6 4 29.98 44.2 2 30.00 44.2 20.55 Parr | 656 44 «30 | 29 37 47.1 47.7 30.02 7.5 | 20.44 
Guo 1°47 «3, 298% 40... 43.2 20:98 43.2 20.52 rthur, Ont......... | 29.29 43.6 ....| 44.2 | 46.7 20.59 
Que.....+-- 4 31 -0 |....| 41.0 | 29.98 : innipeg, Man.. 48 27 29.24 36 29.99 44.8 20 
ebec, Que.... 29.95 35.6 760 36.8 29 
| 296 46 48 29.97 Minnedosa, Ma | 49 58) 29.12) 35 37.4 
ontreal, Que..... 29.66 409 97 35.6 20.40 | 1,690 50 10} | 35.2 36.0 29.96 
@| Qu’Appelie, Assin........ 10 | 2.14 | 34.6 ..../ 87.1 29. 
Kingston, Ont...........- 25 2.68 43.9 44 42:5 20.52 Edmo | 00 90 | | | 80:00 | 
Toronto, On 44 13 (29.69 46 4.2 30.01 44.5 20,55 nton, Alberta. 27.38 37.9 40 -96 | 44.8 | 20.50 
30.02 48.5 20.64 on, Ber............ | “151 | 70:3 29.99 | 
= — Resulta Srom observations at 8 a. m. and 8 dail 
Stations. m— Resultant. 
Component 
N. 8. E. Direction . Résultant 
219 419 | = 207) «on. 79 w. is ill... Hours. Hours. Hours. Hours ° 
‘Atlantic States. . | 203 146 220 w. 338 Bismarck, N 273 i 
Binghamton, 127 % 1% 8. 38w Upper Mississippi Valle =| 181 
New York, 164 St. Paul, Minn Valley. 241.51 w. 130 
Philadelphia 155 = | 203 2 68 || La Crosse, Wis. +.........0° 232 246 188 
PS | 58 || Davengont, love 108 171 53 267 8. 80 w. 81 
Baltimore Ma 293 11. 189 163 8. 61 160 Des Moines. 192 213 205 87 s. Ww. 72 
300 | 203 e. Dubuque > 269 23 > 284 os. 76 w. ‘ 
49 || Cairo, Iil.............. 
147 203 162 21 «on. 211 261 1483 253 8. 59 w. 133 
= 260 | 286 126 gs. 72 Columbia, Valley. 206 8. 15 w. 87 
Wilmington, 29 238 | 126 aw 168 Kansas City 91 1 
Charl n,N Cc 4 207 150 248 w. 79 rin eld 232 264 09 113 | 8 Tw. 
Sav 246 179 s. Rw. Omaha, N 231 238 155 8s. e. 
48) go 159 ss. 61 Bent 112 = 204 on. 
Tam S87 =| = 165 Havre, Mont -....... 156 72 w. 80 
ew Orleans, 216 263! be orth Platte, Nebr = 804 | 23 
rt Smith. eblo, Colo.............. 
Corpus Chri r 129 391 139 . Te 135 Dodge, Kans Secdeeecessvcesonce 306 4 26 «on. 19 w. 121 
Palestine 239 B48 Be.) Okla ...... 8. 10 w. 78 
San e, Tex 341 307 8. 29 | 1 179 119 8. 43 
269 ; 8. e 218 BOK 
ttan 55 | Amarillo, Tex.... wine 178 
Knoxville | 8s. 8e 300 “Jouthe . eesece 189 = | 161 s. 7e. 198 
Memphi TAM 261 188 244 El Paso, T | 10 | Ww. - 
Louisville, Ky. eee eee Mitdie Plateau. 210, (65 | B. 890. 
Evansville, Ind.+ 197 209 239 13 80 Carson City, Nev. 279 «on. 8 w. 112 
204 171 213s. 24 w. 135 | Winnemucca, Nev 18:0 ©6208 124 
12 | 104) 8. Mw. | 165 Galt Lane City. BL 
Columbus 133 256 193 254 | | 88 w. 92 
kersburg, W. Va........... .... 242 136 = 8. Bw. 3/8 ~ Ling s, Ida | 199 147 156 8. Sw. 176 
Buffalo, NY Lake Region. 95 286, 198 213 148 alla Walla, 174 306 80 s. 72 
Beshester, N. 156 324 = g. 20 w. Fort Canby, Wash... gion. | 8. l4dw. 340 
168 207 8. 2i 193 224 19 «on. 
edo, . | 8. w. 
Grand Haven: 224 61 w. ie a. w. | i71 
uron. Mich........... 254 230 n.44w. 50 18 
t Ste. Marie, Mich.............. = _ 133 = | n. 83 w. w | 468 
260 20 8. 37 w. | 116] 304) 874 
| » ‘ 8. w. 
327, on. 50 w. = 
283 | n. 39 w. 373 


* From observations at 8 p. m. only. emcees 
5 From observations at § a. m. only. 
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TaBLe V.+- Total number of days with thunder. 


TaBLE VI.—Number of days on which thunderstorms were reported—Cont’d. 


Summary, 1898. 
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